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OPERATIONS
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"Let no man who hopes to retain the respect of his
medical brethren dare to operate on the human heart."
These words were spoken less than a quarter of a century
ago by a master in surgery and one of the boldest oper-
ators who ever lived, but if Billroth could appear to-day
he would be astonished to learn that not only does the
profession approve of such operations but that the mor-
tality is no greater than he experienced in his own early
work in abdominal surgery. Heart surgery is truly mod-
ern surgery.
The ancient surgeons had no hesitation in operating
on the skull and lungs, but so great was the superstitious
fear of touching the heart that we find no record of an
operation, even on the pericardium, until 1793, when the
great military surgeon, Baron Larrey, planned theoper-
ation and removed fluid from the pericardium with a
hollow needle. It seems that the first operation on ac-
count of a wound of the pericardium was done in 1887
by another military surgeon, a former member of the
Association of Military Surgeons, Col. R. Harvey Reed,
who removed a section of the sixth rib from a patient
who had been stabbed in the region of the heart, cleaned
out the blood clots and sutured the pericardium, with
recovery of the patient. Four years later, in 1891, Dr.
H. C. Dalton, of St. Louis, performed a similar oper-
ation with a like result. Many other surgeons have
operated on the pericardium, usually with recovery. In
1895 Rosenthai proved that a dog could recover from
experimental wounding of the heart under the simple
treatment of plugging the wound with iodoform gauze.
In the same year Del Vecchio conducted a number of
experiments and succeeded in curing a dog after making
and suturing two perforating wounds in the left ven-
tricle.
Thus was the way prepared for operations on the
human heart : first, the observations of Paré, Fischer and
many others that wounds of the heart were not always
fatal; second, the idea of treating such wounds in a
rational way as conceived by many (Roberts in 1881 ad-
vised that heart wounds should be closed by sutures),
and, third, the demonstration that suture of the heart
in the lower animals could be successfully accomplished.
THE FIRST OPERATION
All that could be done had been done except to per-
form the operation on the human heart, when, in 1896,
Presidential address before the Association of Military Sur-
geons of the United States, Atlanta, Ga., Oct. 13, 1908.
just 98 years after the first operation on the pericar-
dium. Farina, of Rome, closed with three silk sutures a
stab wound of the right ventricle of the human heart.
The patient died of pneumonia on the sixth day, but be
had lived long enough to prove the success of the oper-
ation. In 1896 suture of the heart was done in 3 cases
with 1 recovery; 4 with 1 recovery in 1897; 12 with 5
recoveries in 1898, and so on until the present time,
when I am able to present a table of 150 patients in
whom the heart was sutured.
Care has been taken to avoid repetition and other
errors by reading the original reports, but this was some-
times impossible. Operations on the pericardium only
and those operations on the heart other than by suturinghave been left out of the table. Such are the cases of
Hill and Doyle, each of whom extracted a needle from
the heart; of Weiss and of Sartirona and Borsotti, each
of whom tamponed a heart wound; of Picqué, who
simply drained the pericardium for a bullet imbedded in
the wall of the left ventricle, with recovery; of Tuffier,
who removed a bullet imbedded in the wall of the left
auricle and drained the pericardium with recovery; and
of Guidone, whose patient died before he had time to
begin the introduction of sutures. The case of the negro
physician, Williams, has been erroneously included in
several tables of cases of heart suture both in this coun-
try and abroad. I have rejected it for the same reason
that Lenormant gave for omitting it from his table,
namely, that it was not an operation on the heart. In
my original table, published in 1901, twenty-six cases
were tabulated, of which only three were done in Amer-
ica. Now at least fourteen have been done in America
with six recoveries. My second case of heart suture was
as follows:
CASE OP HEART SUTURING
History.-—R. D., male, colored, aged 32, barber, was admit-
ted to the Emergency Hospital Feb. 1, 1908, having just been
stabbed in the left breast with a knife.
Examination.—The patient was in a semicomatose state,
partly due to drink, with cold extremities and pulse of 120,
at times imperceptible at the wrist. On auscultation the heart
sounds were faintly heard. An incised wound about half an
inch long was seen, one-sixteenth of an inch to the inner side
of the left nipple between the fourth and fifth ribs. Verylittle blood escaped. A probe was passed into this wound and
took a downward and inward course to a depth of 3% inches.
A diagnosis of probable wound of the heart was made, and
the operation was begun as soon as practicable—a little more
than one hour after the receipt of the wound.
Operation.—With strict asepsis a flap was made of the left
fourth, fifth and sixth cartilages, hinge internal, by cutting
through the third and sixth intercostal spaces horizontally,
uniting the outer ends of these incisions by a vertical one
crossing the fourth, fifth and sixth ribs, which were divided
at their junction with the cartilages. The flap thus made
was lifted up, the pleura stripped from it and turned across
the sternum, hinging on the left chondrosternal junction.(Fig. 1.) The pleura was thus widely opened, and the left
Downloaded From: http://jama.jamanetwork.com/ by a RYERSON UNIVERSITY LIBRARY User  on 06/17/2015
lung soon collapsed. The stab wound had passed through the
left lung, pericardium and into the right ventricle near the in-
terventricular septum, making a wound a third of an inch
long into the cavity of the ventricle, near its lower end. Little
blood was found in the pericardium, but more than a pint was
removed from the left pleural cavity. The pericardial wound
was enlarged to about three inches, when the wound in the
ventricle was clearly seen, with a small jet of dark blood
spurting out with each systole. The lips of the wound were
caught with hemostatic forceps and held together while a
continuous suture of fine silk—five sutures—was made. The
stitch holes bled, so that a second row of silk sutures was
inserted, Lembert style, making in all about twelve sutures.
Two points continued to bleed and were caught up with for-
ceps and ligated with catgut. Hemostasis was then complete,
and the heart beat well and strong. The ventricular walls
seemed no thicker than those of an auricle. The pericardium,
being clean, was closed without drainage with a continuous
catgut suture. The pleura was closed in the same way after
drying it out with gauze, the costal cartilages being sewed
back to the ribs and divided muscles united—all with catgut,
except the skin, in which silkworm gut was used. The pulse
was 120 at the end of the operation, but of better quality
than before.
Fig. 1.—Operation for wound of the heart. 1, heart ; 2. deep
sutures ; 3. superficial sutures ; 4 and 5, retractors on pericardium ;
6, left pleural space ; 7, flap of chest wall, including fourth, fifth
and sixth ribs ; 8, heart outlined by broken line.
Postoperative History.—February 2: Pulse 120 to 140, tem-
perature 102 F., and respirations 40 to 60.
February 5 : Symptoms of delirium tremens came on and
a restraining apparatus was necessary to keep the patient in
bed. Whiskey was ordered.
February 6: The patient was violently insane, so the whis-
key was increased until on February 7, when he was taking
two ounces every hour, and actually took three pints during
this twenty-four hours. Pulse fell from 132 to 120, and the
mental condition improved.
February 8: He was conscious most of the time.
February 9: .Mind «dear, and restraining apparatus was
removed and the whiskey reduced to two ounces every four
hours.
February 10: Delirium returning, whiskey was again in-
creased, and the montai and other symptoms at once began to
improve. Cough troublesome. The left lung had expanded
and seemed to fill the pleural cavity. The wound healed with-
out trouble, and February 25 the patient was up for the first
time. Pulse 80, temperature 98.4 F.
March 11: Patient was discharged recovered and was pre-
sented to the District of Columbia Medical Society.
March 29: Patient was readmitted to hospital on account
of excessive drinking.
April 16: He was discharged in excellent condition; heart
sounds a little softer than normal.
May 18: Patient seemed in good health.
October 11: Patient is apparently in perfect health.
STUDY OF THE TABLE
The features presented by the table may be studied
as follows:
TIME BETWEEN RECEIPT OF WOUND AND OPERATION
In 106 cases this time is given all the way from "at
once" to 5 days—the large majority of patients, 88,
being operated on not later than 6 hours after the injury(44 in 1 hour or less and 44 in from any time over 1
hour to 6 hours), with 35 (39.75 per cent.) recoveries;
10 between 6 and 12 hours, with 5 recoveries; 1 between
12 and 18 hours, with recovery; 4 between 18 and 24
hours, with 1 recovery ; 2 between 24 and 48 hours, with
2 recoveries, and 1 after 5 days, with recovery. These
figures would indicate that the longer the time after in-jury before operation the less the mortality, but it mustbe borne in mind that in the worst cases the patients die
or are saved by operation before the expiration of the
first six hours, and those who survive this time are the
best risks from an operative standpoint.
LOCATION OF EXTERNAL WOUND
Ever since Joab so treacherously and fatally smote
Amasa in the fifth rib a wound in this region has been
regarded as especially dangerous and the figures herepresented confirms this opinion. Of 133 patients in
whom the situation of the external wound was given,
130 were on the left side, including:
1 through the first intercostal space.
6 through the second intercostal space.
19 through the third intercostal space.
52 through the fourth intercostal space.
30 through the fifth intercostal space.
7 through the sixth intercostal space.
2 through the seventh intercostal space.
6 below the costal cartilages.
On the right side there was one case each of wound-
ing through the second, fourth and fifth interspaces.
Ninety-one, or 68 per cent., were just above or just be-
low the fifth rib, and 110, or 83 per cent., were between
the third and the sixth ribs.
INSTRUMENT BY WHICH WOUND WAS INFLICTED
Of 140 cases in which the weapon was indicated, 117,
or 83 per cent., were caused by knives or poniards; 16,
or 12 per cent., by bullets; 2 by scissors; 2 by iron pick-
ets ; 1 by a fragment of glass ; 1 by a needle, and 1 by a
sharp pointed body. In 10 the instrument is not given.
METHOD OF EXPOSING THE HEART
No single method has yet been agreed on as the best.
The kind of operation is often determined by the ex-
ternal wound, and, begun as an exploration, the subse-
quent steps depend on the necessities which arise during
its progress This probably accounts for the large num-
ber of resections of cartilages or parts of ribs rather than
the formation of a well planned flap of skin, muscle and
ribs. The best method is one that will freely expose the
heart and not open the pleura or leave the chest wall per-
manently impaired. The chief methods are:(a) The Operation Through an Intercostal Space.—
In a long chest with wide spaces this may be done.
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Somerville reports a successful suturing of the left ven-
tricle through the fourth intercostal space. This method
may be modified and the space increased by the division
of one or two cartilages.(b) Resection of One or More Cartilages With or
Without a Portion of Rib.(c) Flap Method Across the Sternum (II. Lorenz
and Others; Fig. 2.) Make a transverse incision from
the right side of the sternum in the third intercostal
Fig. 2.—Flap of sternum and cartilages of fourth and fifth ribs ;
hinge on the right. (H. Lorenz and others).
space across the sternum to the left chondrocostal junc-
tion. Make a corresponding incision in the fifth inter-
costal space across the sternum. Unite the left ends of
these incisions by a vertical one. The sternum and
cartilages are divided with bone forceps along these in-
cisions after Kgating the internal mammary arteries and
the flap formed is turned to the right, making a hinge
of the right chondrosternal joints. This exposes the
heart well and avoids opening the pleura.
Fig. 3.—Flap of the fourth and fifth ribs and their cartilages ;
hinge external.
(d) Flap of Cartilages and Ribs, Hinge External.(Fig. 3).—In this method the fourth and fifth cartilages
are divided near the left border of the sternum, the third
and fifth interspaces are divided laterally nearly or quite
to the nipple line. The flap is raised by its inner bor-
der, the pleura stripped off if practicable, and the ribs
are broken or cut near the costochondral junction.
(e) Flap of Cartilages and Ribs, Hinge Internal.(Fig. 4).-—This method is just the reverse of the pre-
ceding, the trap-door opening near the left nipple line
and hinging on the left fourth and fifth chondrosternal
articulations. The pleura is probably always opened in
this method. If more room is needed or the location of
the external wound requires it, the flap may include
additional cartilages, above or below. The last two
methods can be quickly performed and expose the heart
well, but are almost certain to open the left pleura. Of
133 operations, in 60 a portion of one or more cartilages
or ribs were resected; in 71 a flap of the chest wall was
made with the hinge external or internal—occasionally
the hinge was placed above or below, and in two cases
the suturing was done through an intercostal space.
CAVITY OF HEART WOUNDED AND TREATMENT.
Of 142 patients the left ventricle was wounded in 68,
the right ventricle in 68, the left auricle in 4, the right
auricle in 4, 2 had each 2 cavities wounded (1 both
ventricles and 1 the right auricle and right ventricle)
and in 8 the cavity is not mentioned or the weapon
passed between 2 cavities. These statistics show that
the two sides of the heart are equally liable to injury,
Fig. 4.
-Flap of the fourth and fifth ribs and their cartilages;hinge internal.
but that the ventricles are in much greater danger than
the auricles in the proportion of 17 to 1.
The size of the wound in the heart varied from 0.5
cm. (1/5 in.) to 6 cm. (2*4 in.). In every case the
wound was Sutured. The favorite suture material was
silk, but catgut was used in many patients. Continuous
and interrupted sutures were both used and were intro-
duced by most operators whenever convenient, regardless
of systole or diastole. It seems to make no trouble if the
suture does enter the cavity of the heart. Tumultuous
heart action sometimes interfered with the introduction
of the sutures. This was overcome by holding the heart
in one hand or using one or two deep sutures, "tension
sutures," by which the heart was steadied or drawn for-
ward as might be necessary. In several cases heart mas-
sage was used in order to revive a pulseless heart and in
a few cases the heart resumed its function.
DRAINAGE OF PERICARDIUM AND PLEURA
In 46 patients the pericardium was drained with 25
recoveries and 23 deaths; in 44 the pericardium was not
drained, with 25 recoveries and 19 deaths; in 42 both
pericardium and pleura were drained, with 21 recoveries
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and 21 deaths; in 19 both pericardium and pleura were
closed without drainage, with 12 recoveries and 7
deaths; in 72 the pleura was drained, with 30 recoveries
and 42 deaths ; in 21 the pleura was not drained, with 13
recoveries and 8 deaths. The lesson taught is to do away
with drainage. Some of the disadvantages of drainage
are the risk of secondary infection, irritation or inflam-
mation excited by the gauze or tube, and the bad effects
un the collapsed lung of keeping the pleura open. How-
ever, some cases should be drained, as when infection is
highly probable or hemostasis has not been satisfactory.
MORTALITY
Of 150 patients operated on, 98 died and 52 recovered,
a mortality of 65 per cent., about the same as it was
twelve years ago and in 1901, when 26 cases were re-
ported. Naturally, the mortality must always be high.
Thirty-two patients die*d in less than twenty hours af ier
operation or the reception of the wound, fifteen on the
operating table during or just after operation—nearly
all from loss of blood, though one death was attributed
to pneumothorax on opening the left pleura. Thus we
may say that 32, or 20 per cent., of the patients are
moribund when the surgeon first sees them.
The remaining 66 deaths occurred from 24 hours to
5 months after operation ; 6 of pleurisy, 5 of pericar-
ditis, 21 of pleurisy and pericarditis together, 3 of pneu-
monia, 3 of peritonitis, 2 of pericarditis and nephritis,
1 of pleurisy and cerebral abscess, 1 of pleurisy and
wound of the tricuspid valve, 1 of pleurisy and double
pneumonia, 1 of gangrene of the lung, 1 of two wounds
of which one was not sutured, 3 of hemorrhage in the
pleura, 2 of hemorrhage in the pericardium, 1 of clot in
the tricuspid valve, and in 15 the cause is not given.
We see that 44 of those who died after the first 20
hours, or 86 per cent, (omitting the 15 in which the
cause of death is not given), died of infection, and of
the 52 who recovered only 12 escaped without infec-
tion, 22 had pericarditis or pleurisy, and in 18 it was
not stated. Of the entire 118 patients surviving the first
20 hours, 62, or 52 per cent., suffered from infection.
The mortality with reference to the cavity wounded is
es follows: Sixty-eight of the left ventricle with 42
deaths, or 62 per cent. ; 68 of the right ventricle with
48 deaths, or 70 per cent. ; 4 of the left auricle with 2
deaths, and 4 of the right auricle with 1 death.
Sixteen gunshot wounds were operated on with 9
deaths and 7 recoveries, a mortality of 56 per cent. In
the 134 cases with other wounds 89 died and 45 recov-
ered—mortality 66 per cent., from which it would ap-
pear that gunshot wounds of the heart have about 10 per
cent, lower mortality than other kinds of heart wounds.
CONCLUSIONS
1. There is no longer any question as to the pro-
priety of the operation, since 35 per cent, of the patients
recover, compared with 15 per cent, (according to
Holmes and Fisher, 1881) of recoveries after nonoper-
ative treatment—a gain of 20 per cent.
2. The mortality is practically the same that it was
twelve years ago. when the operation was first intro-
duced, and it behooves the surgeon to study the matter
and find a means of improvement.
3. The two great causes of death are hemorrhage and
inflammation of the pleura or pericardium. Probably
little more can be done than has been done to prevent
death from hemorrhage, but inasmuch as more than half
the patients who survive twenty hours have infection.
4. There is room for great improvement in prevent-
ing infection. Besides the observance of strict asepis the
question of opening the pleura and of drainage of pleura
or pericardium acting as predisposing causes of infection
is of the greatest importance.
5. As a rule, therefore, the pericardium and pleura
should not be drained.
Following is the bibliography, arranged alphabetically
by publications, and the table, arranged alphabetically
by operators, with year of operation as nearly as ascer-
tainable and with figures of reference to the bibliog-
raphy.
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